At least two unconformity-bounded units comprise the uppermost Campanian to Maestrichtian strata in New Jersey. The lower one, the Marshalltown sequence, is assigned to calcareous nannofossil Zones CC20/21 (ϳNC19) and CC22b (ϳNC20). It ranges in age from ϳ74.1 to 69.9 Ma based on Sr-isotope age estimates. The overlying Navesink sequence is assigned to calcareous nannoplankton Zones CC25-26 (ϳNC21-23); it ranges in age from 69.3 to 65 Ma based on Sr-isotope age estimates. The upper part of this sequence, the Tinton Formation, has no calcareous planktonic control; Sr-isotopes provide an age estimate of 66 ؎ 
INTRODUCTION
Stratigraphic sequences, consisting of genetically related strata bounded by unconformities, are well documented for the outcropping Campanian and Maestrichtian beds of the New Jersey Coastal Plain (Owens and Sohl, 1969) . Complete sequences coarsen and shoal upward, marking vertical transitions from marine-shelf facies to nearshore-marine and nonmarine facies. Each sequence is typically a cycle of sedimentation consisting of a lower glauconite sand, a middle clay-silt, and an upper quartz sand ( Figs. 1 and 2 ). The sequence boundaries are recognized in outcrop as distinct surfaces of erosion that commonly have considerable relief, overlying lag gravels (including ripup clasts), bioturbation, and diagenetic cementation by ground water. Unit contacts are generally conformable within a sequence, whereas the sequence boundaries are sharp and unconformable.
Recent stratigraphic studies have concentrated on the relationships between these sequences, their bounding surfaces (unconformities), and related sea-level changes. The shoaling-upward sequences described by Owens and Sohl (1969) have been related to recent sequence stratigraphic terminology (e.g., Van Wagoner et al., 1988) by Olsson (1991) and Sugarman et al. (1993) . Glauconite beds are equivalent to the condensed section of Loutit et al. (1988) . By definition (Van Wagoner et al., 1988) , these may belong to either the late transgressive systems tract or the early highstand systems tract, depending on the location of the maximum flooding surface separating the systems tracts. It is unclear where the maximum flooding surface is with respect to the glauconite sands (i.e., at the base, within, or at the top of the sands), and assignment to transgressive systems tract or highstand systems tract is equivocal (cf. Fig. 2 , columns A and B). The clay-silt and quartz sand facies are equivalent to the highstand systems tract (Fig. 2) . Lowstand systems tracts have not been identified in the New Jersey Coastal Plain, although it is possible that they are locally present as incised valley fills, as they are in the Alabama Coastal Plain (Mancini and Tew, 1993) .
Mapping cyclic sequences on the basis of lithologic characteristics is simple if enough outcrops and boreholes are available. However, when sharp facies changes occur along strike or dip, or components of a complete sequence are missing due to erosion, nondeposition, or facies change, tracing of formations may be difficult. The problem is compounded where lithologies are similar and thin. For example, additional sequences GSA Bulletin; January 1995; v. 107; no. 1; p. 19 -37; 17 figures; 3 tables. may occur in the subsurface that do not crop out in the New Jersey Coastal Plain (Gohn, 1992a; Olsson and Usmani, 1992) .
To trace accurately sequences and their sedimentary facies within a basin, and to establish interregional correlations, some method of chronostratigraphic analysis is required. Numerous biostratigraphic studies have been undertaken on the Upper Cretaceous strata of New Jersey; however, there are still problems correlating this section to a standard chronostratigraphy. Planktonic index fossils are generally rare, and their ranges may be affected by paleoecological and paleoclimatologic factors. Calibration of Late Cretaceous index taxa with the geomagnetic polarity time scale (GPTS) is also incomplete. Although ammonites evolved rapidly in the Cretaceous, enhancing their value for biostratigraphic correlation, their succession in the Campanian and Maestrichtian is poorly known (Hancock, 1991) . Because their zonation is developed for isolated basins, correlations with deep-water index fossils is generally difficult, leading to uncertainties in integrated chronostratigraphic sections.
Radiometric ages based on K/Ar dating of glauconite beds have been established for the Campanian/Maestrichtian strata of New Jersey (Casey, 1964; Owens and Sohl, 1973; Krinsley, 1973; Obradovich, 1988) . Age estimates derived from these and other glauconite dates are considered minimum values and ϳ10% too low (Owens and Sohl, 1973; Obradovich, 1988) .
Sr-isotope stratigraphy offers another independent means for correlating the Campanian-Maestrichtian strata of New Jersey to the GPTS. Sr-isotope stratigraphy requires a rapid change in the marine 87 Sr/ 86 Sr record and calibration against an independent time variable, which is commonly magnetostratigraphy (e.g., Miller et al., 1991) . Upper Cretaceous Sr-isotope sections have been calibrated with either biostratigraphic, paleomagnetic, or isotopic data in Europe (McArthur et al., 1992a (McArthur et al., , 1993 ; N. H. M. Swinburne, A. Montanari, and D. J. DePaolo, unpubl . data) and the United States western interior (McArthur et al., 1994) and include Campanian to early Maestrichtian Sr data. Additional studies (Martin and Macdougall, 1991; Nelson et al., 1991; McArthur et al., 1992b) have concentrated on the change in 87 Sr/ 86 Sr across the Cretaceous/Paleogene boundary, generating data on the latest Maestrichtian that are calibrated with biostratigraphic zonations and limited paleomagnetic data (Martin and Macdougall, 1991) .
In this study, we examine the uppermost Campanian-Maestrichtian sequences in more detail and calibrate them to the GPTS using Sr-isotopes and biostratigraphy. To correlate independently the New Jersey sections to the GPTS, we developed an uppermost Campanian-Maestrichtian Sr-isotope reference section for Deep Sea Drilling Project (DSDP) Hole 525A in the eastern South Atlantic (ϳ800 km off the coast of Africa), which contains a reliable magnetostratigraphic record (Chave, 1984) . We also provide new calcareous nannoplankton biostratigraphic data from onshore and offshore sections to compare regional correlations. Integration of Sr-isotopic and biostratigraphic studies of the New Jersey uppermost Campanian-Maestrichtian strata allows dating and evaluation of processes forming sequences.
STRATIGRAPHIC SETTING
Three Campanian and Maestrichtian sequences are examined in this study (Fig. 1) . Detailed descriptions of these sequences and their corresponding formations appear in Owens and Sohl (1969) and Owens et al. (1970) . A brief summary is given here.
The uppermost Campanian sequence, informally termed the Marshalltown sequence, includes the Marshalltown, Wenonah, and Mount Laurel Formations (Fig. 1) . The Marshalltown, a fine-grained, silty, quartzose, glauconite sand, was deposited in middle-to outershelf environments (30 -200 m) (Olsson, Fossils recovered from the Marshalltown Formation in southern New Jersey, near Auburn (Olsson, 1964) , include the planktonic foraminifera Globotruncana calcarata, a late (Gvirtzman et al., 1989) to latest Campanian (Caron, 1985) marker, and beds of Exogyra ponderosa, a macrofossil marker for the late Santonian through late Campanian. Cobban (1973) (Kennedy and Cobban, 1994) .
The Mount Laurel Formation contains Belemnitella americana and Exogyra cancellata (Owens et al., 1970) . The Belemnitella americana Zone is considered to be upper Campanian in New Jersey (Richards et al., 1962) . It contains heteromorph ammonites equivalent to the Baculites compressus fauna, which is also upper Campanian (Hancock, 1991) . The subsurface Mount Laurel has been correlated with the lower Maestrichtian Globotruncana tricarinata foraminiferal zone (Olsson and Wise, 1987) .
The Mount Laurel is unconformably overlain by the Navesink Formation. The Navesink Formation is the transgressive, basal, clayey glauconite sand in a coarsening-upward sedimentary sequence (informally named the Navesink sequence in this study) that also contains the Sandy Hook and Shrewsbury Members of the Red Bank Formation. The contact is marked by a pervasive reworked zone consisting of a pebbly, poorly sorted, glauconite-quartz sand. The Navesink is considered to be a middle-shelf deposit (Olsson, 1988) . Calcareous shells are concentrated in large beds and dispersed throughout the formation. The Sandy Hook Member of the Red Bank is a massive, darkgray, micaceous, fossiliferous, clayey silt and fine sand that grades upward into the Shrewsbury Member, a burrowed, slightly glauconitic, medium to coarse quartz sand that is unfossiliferous because of leaching. Within this sequence, lithologic contacts are gradational.
The Navesink sequence changes dramatically to the southwest along the outcrop belt (Owens and Sohl, 1969; Koch and Olsson, 1977) . The major changes include (1) thinning and pinching out of the Shrewsbury Member in the New Egypt, New Jersey, area due to erosion or nondeposition , or a facies change (Koch and Olsson, 1977) ; (2) a facies change in the Sandy Hook Member from clayey fine sand to glauconite sand, and its pinching out several miles to the west of New Egypt (Minard, 1969; Owens and Minard, 1962) ; and (3) thinning and local absence of the Navesink Formation (Owens et al., 1970) .
Age correlations of the Navesink and Red Bank Formations are based on abundant paleontologic data. Ammonites, including Baculites and Nostoceras, from the lowermost beds of the Navesink in the Atlantic Highlands have been assigned to the latest Campanian (Cobban, 1974) or the very early Maestrichtian . Planktonic foraminifera from the lower Navesink have been assigned to the upper part of the lower Maestrichtian Globotruncana tricarinata or G. subcircumnodifer assemblage zones (Olsson, 1963; Owens et al., 1977) , whereas the upper part of the Navesink has a somewhat younger assemblage belonging to the upper Maestrichtian G. gansseri Zone. The Red Bank contains a less diverse faunal assemblage than the Navesink; it includes late Maestrichtian foraminifera such as G. gansseri, G. contusa, Racemiguembelina fructicosa, and Hedbergella monmouthensis (Olsson, 1963) .
The Tinton Formation is the uppermost Maestrichtian unit in New Jersey. It crops out in a northern belt extending from the Atlantic Highlands southwestward to Perrineville and reaches a maximum thickness of 11 m (35 ft) to the west of its type section at Tinton Falls. The Tinton is an unconsolidated to well-indurated, clayey, feldspathic, glauconite-quartz sand. The contact with the underlying Red Bank may be disconformable, although secondary iron oxide staining and siderite cementation of both formations hampers observation. Where unaltered, the contact is generally overlain by fine gravel; burrows penetrating the boundary into the Red Bank Formation contain glauconite sand from the overlying Tinton Formation. Shell beds are scattered along this contact. A late Maestrichtian age for the Tinton Formation is based on the ammonite Sphenodiscus lobatus (Owens et al., 1970) and the dinoflagellate Deflandrea cretacea (Koch and Olsson, 1977 ).
An alternative stratigraphic sequence has been proposed for the latest Maestrichtian to earliest Danian interval in New Jersey (Olsson, 1960 (Olsson, , 1963 (Olsson, , 1964 Koch and Olsson, 1977; Olsson and Wise, 1987; Olsson et al., 1988; Olsson and Usmani, 1992) . Olsson (1963) named the New Egypt Formation for an outcropping glauconite sand he considered to be a deeper water facies equivalent to the Red Bank and Tinton Formations, although published geologic maps (e.g., Minard and Owens, 1962) show this unit to be a transitional facies of the lower Red Bank.
The Tinton Formation is overlain by the Hornerstown Formation, a pure greensand that is 3 m (10 ft) thick. The Hornerstown has been dated as either Maestrichtian in its basal portion and early Paleocene in its main body (Koch and Olsson, 1977; Olsson and Usmani, 1992; Gallagher, 1993) , or entirely early Paleocene (Owens et al., 1970; Bybell, 1992) . Differences in age assignments generally involve the reworked or inplace nature of Cretaceous fauna at the base of the Hornerstown.
METHODS

Isotope Methodology
A Sr-isotope reference section was developed for Hole 525A drilled in the southeastern Atlantic Ocean ϳ800 km off the west coast of Africa (lat. 29Њ04.24ЈS; long. 02Њ59.12ЈE). One sample was taken from each 1.5 m section at DSDP Hole 525A below the Cretaceous/Paleogene (K/P) boundary for Sr-isotope analysis. Foraminifera were extracted by soaking samples in hydrogen peroxide and sodium metaphosphate, washing through a 63 m sieve, and air drying. Approximately 200 specimens were picked from the Ͼ150-m-sized fraction, ultrasonically cleaned in distilled water for 10 s, and then dissolved in 1.5 N HCl.
Samples were also studied from El Kef, Tunisia, and Millers Ferry, Alabama, to compare uppermost Maestrichtian strata from well-documented sections with the New Jersey Coastal Plain. Foraminifera from El Kef and Millers Ferry were also processed by the same methodology as the samples from Hole 525A. Forty-three shells from the New Jersey Coastal Plain were processed for analysis as outlined in Sugarman et al. (1993) . Strontium was separated for analysis on a VG Sector mass spectrometer at Rutgers University by standard ion exchange techniques (e.g., Hart and Brooks, 1974 Average internal error (intrarun variability) at Rutgers was Ϯ0.000 009 for the 84 samples analyzed. External error at Rutgers has previously been reported as Ϯ0.000 030 to Ϯ0.000 026 (2) for NBS-987 (Miller et al., 1991) ; we show a conservative figure of Ϯ0.000 030 on Figure 7 , below. In a recent study from the Rutgers lab, average error of 17 duplicates analyzed was Ϯ0.000 020 (Oslick et al., 1994) ; this is probably a good estimate for external precision in this study.
Biostratigraphy
One sample was analyzed for calcareous nannoplankton from approximately every other section of Hole 525A from cores 40 to 50. Samples were analyzed for first and last occurrences of diagnostic species. To evaluate latitudinal diachrony, we compared the nannofossil zones with magnetochronology ( Fig. 3) . This approach was prompted by discrepancies in event order between recent zonal syntheses and local assemblages. Comparison of local coccolith events to the GPTS makes it possible to determine the most consistent taxa for zonation. For a discussion of the many inconsistencies in Maestrichtian zonation see Thierstein (1976) , Roth (1978) , Monechi and Thierstein (1985) , Perch-Nielsen (1985) , Bukry (1973) , Cepek and Hay (1969), and Doeven (1983) . Different nannofossil zonations are correlated for reference in later discussions (Fig. 4) . Foraminiferal biostratigraphy is based on Boersma (1984) and is slightly modified (Fig. 4) to reflect a small change in the position of the first occurrence of Abathomphalus mayaroensis (Chengjie Liu, Rutgers University, 1993, written commun.).
Magnetostratigraphy
Magnetostratigraphy is based on data from Chave (1984) . Hole 525A contains an excellent magnetostratigraphic record (Figs. 3 and 5), which allows correlations of the Maestrichtian to lower Paleocene section with the GPTS. Age estimates for the normal polarity interval from S. C. Cande and D. V. Kent (1993, personal commun.) are used in our age model (Table 1) . Hole 525A was drilled into basalt basement on Ar/ 39 Ar age dates at the boundary in Mexico (Swisher et al., 1992 ). An age of 66 Ma was used in the earlier time scale of Cande and Kent (1992) . Sr values with time at our reference section, we chose age as the independent variable and Sr-isotope values as the dependent variable. For a discussion of the statistical methodology and reasoning, see Miller et al. (1991, p. 40) .
RESULTS
Maestrichtian Isotopic Reference Section
A linear regression for the interval between 73 and 65 Ma ( where r is the correlation coefficient, and s is the standard error of estimate (Draper and Smith, 1981, p. 207) . There is no significant improvement in the fit with the use of higher order functions (second order r ϭ 0.922; third order r ϭ 0.922 Equations (1) and (2) are valid from 73.0 to 65.0 Ma (Cande and Kent, 1993, personal commun.) and from 0.707 700 to 0.707 854.
A plot of residuals versus the predicted Sr ( Fig. 7 ) displays the observed error in the regression. Based on 39 points (Table 2) with a standard error of estimate of 0.000 019 (1), the regression model is adequate as indicated by the lack of observed trends in the residuals. Residual values from equation (1) show that 35 of 39 points fall within Ϯ0.000 030 (i.e., within 2 error of the regression).
Errors in predicted age from Sr-isotope regressions may be computed from the equation of Draper and Smith (1981, p. 49) : age (upper, lower) ϭ For one Sr-isotope measurement of an unknown sample, our age regression has an uncertainty at the 95% confidence interval of Ϯ1.96 m.y. For Sr-isotope measurements on two samples from the same stratigraphic level, the level of uncertainty at the 95% confidence interval is Ϯ1.4 m.y., and it is Ϯ1.2 m.y. for three samples from the same stratigraphic interval. This relatively large error factor is the result of a moderate slope in the regression (19 ϫ 10 Ϫ6 /m.y.) and the slightly higher scatter of the Hole 525A data than previous regressions (e.g., Oslick et al., 1994; McArthur, 1993; Fig. 8) .
Diagenesis
Measurement of original 87
Sr/ 86 Sr ratios from carbonate material used for Sr-isotope correlations and age estimates is a necessary criterion for high-resolution chronostratigraphy. However, preservation of calcareous microfossils at Hole 525A is not pristine (Fig. 9) . Calcareous nannoplankton are moderately preserved (Alcala-Herrera et al., 1992) , whereas preservation of foraminifera is moderate to poor (Boersma, 1984) . This is to be expected for samples buried beneath at least 400 m of sediment (Koepnick et al., 1988) , and older than 65 Ma. We used simple direct methods to evaluate preservation, including visual observation of tests with the binocular microscope, and scanning electron microscope views of the wall structure and exterior surface. Some intervals show good preservation (Fig. 9 , parts 3, 4, 7, 8, 11, and 13); others show calcite overgrowths (Fig. 9 , parts 2 and 6). McArthur et al., 1993) , and the Apennines (N. H. M. Swinburne, A. Montanari, and D. J. DePaolo, unpubl. data) that the Hole 525A regression is valid, although the higher degree of scatter may be due to variable preservation (Fig. 8) . The age regression from Hole 525A is a good fit to the data from the United States western interior and western Europe and gives slightly older values than the Apennines section. At ca. 72.5 Ma, the Hole 525A regression falls below the other data sets, suggesting that diagenetic alteration may be a significant factor at the base of Hole 525A, where the oldest sediments may be influenced by exchange with pore waters in contact with the underlying ( Fig. 10 , parts 1 and 2) are thick walled and well preserved, although some contained bored intervals and were excluded from isotope analysis. Veizer (1989) considered low-Mg calcite, such as that found in Mesozoic belemnites, to be ideally suited to generating Sr-isotope profiles. Belemnitella americana specimens appear pristine under the binocular and scanning electron microscopes. Analysis of Pycnodonte sp. from the Tinton Formation was a concern because of siderite cement in the enclosing sandstone. Standard X-ray diffraction on the shells showed them to be pure calcite (Lucy McCartan, U.S. Geological Survey, 1992, written commun.). Shells of Pycnodonte sp. from the Marshalltown Formation (Fig. 10 , part 5) are much thicker than those from the Tinton Formation and show the characteristic vesicular structure of the Pycnodonteinae (Cox et al., 1971) . This structure would be more susceptible to diagenetic alteration due to the increased void space, and may explain the variation in age estimates for the Marshalltown Formation based on Sr-isotope analysis of Pycnodonte (Table 3) .
NEW JERSEY COASTAL PLAIN CAMPANIAN-MAESTRICHTIAN SEQUENCE STRATIGRAPHY
Results from Sr-isotope analysis of samples from Campanian and Maestrichtian outcrops and boreholes in New Jersey (Fig. 11, Table 3 ) yield stratigraphically meaningful results; values increase monotonically upsection (Fig. 12 ). Ages were computed using the revised Cande and Kent time scale (1993, personal commun.; K/P boundary of 65 Ma), the regression of McArthur et al. (1993) for the Campanian to earliest Maestrichtian (ca. 74 -70; Fig. 8) , and the Site 525 regression (Figs. 6 and 8 ) for the Maestrichtian (ca. 72.4 -65 Ma) (Table 3) . Because the Hole 525A regression is not applicable to the entire upper Campanian to lowermost Maestrichtian Marshalltown sequence, the ages of this sequence (74 -70 Ma) are discussed using the regression of McArthur et al. (1993) .
Marshalltown Sequence (MarshalltownWenonah-Mount Laurel Formations)
Sr-isotope age estimates for the Marshalltown sequence are exclusively from the southwestern New Jersey and northern Delaware Coastal Plains. In central New Jersey, Wenonah lithology (clayey silt to fine sand) dominates the sequence, and no calcareous material was recovered. However, to the southwest, Mount Laurel lithology (quartz sand) dominates the sequence and belemnite horizons in the Mount Laurel Formation provide well-preserved calcareous material for Sr-isotope analysis.
A 38 m (125 ft) section of the Marshalltown sequence was recovered in the Clayton borehole for which Sr-isotope age estimates and nannofossil biostratigraphy were completed (Fig. 11) . The clayey glauconite sands (Marshalltown Formation) at the base of the sequence was assigned to nannofossil Zone CC20 -21 (ϳNC19) on the presence of Bronsonia parca and Ceratolithoides aculeus and the absence of Arkhangelskiella cymbiformis and Reinhardtites levis. Quadrum trifidum, the CC21/CC22 boundary marker species, is missing in New Jersey. The outcropping Marshalltown Formation at Auburn, New Jersey (Fig. 11) was also assigned to nannofossil Zone CC20 -21. (Fig. 10, part 5) . Sr-isotope age estimates generated from the regression of McArthur et al. (1993) give an age range of 74.1-70.9 Ma for the Marshalltown Formation. Age ranges based on comparisons with the United States western interior radiometrically dated sections (McArthur et al., 1994 ; Fig. 8 (Fig. 8; N The upper part of the Marshalltown sequence, the Mount Laurel Formation, is assigned entirely to nannofossil Subzone CC22b (ϳNC20) of the Q. trifidum (CC22) Zone at the Clayton borehole (Fig. 12) . This is based on the presence of R. anthophorous together with R. levis. At the Clayton borehole, the CC22b Subzone was recognized at the base of the Mount Laurel in a glauconitic marl as well as in the typically quartzose Mount Laurel. A Subzone CC22b (ϳNC20) assignment was also given to the top of the Mount Laurel Formation in outcrop near New Egypt (Figs. 11 and 13 ) based on the presence of R. anthophorous with R. levis, A. cymbiformis, B. parca, and Calculites obscurus.
Sr-isotope age estimates for the Mount Laurel Formation are best developed at the Clayton borehole; other outcrop and borehole samples expanded our database (Table 3) . At the base of the formation (152.1 m and 153.6 m), belemnites gave almost identical age estimates of 70.9 and 70.8 Ma, respectively. These ages are for the base of a thin (6 m) sandy marl in the lower part of the formation. The top of this bed is estimated at 70.3 Ma, based also on a Sr-isotope age estimate from a belemnite.
The remaining Sr-isotope age estimates were measured on belemnites and one shell in the coarser grained, quartzose section of the Mount Laurel Formation. For the Clayton borehole (Fig. 12, Table 3 ), similar age estimates of 69.9 Ma (137.5 m), 69.8 Ma (132 m), and 69.8 Ma (127 m) were obtained in this lithology, suggesting that sedimentation rates for the coarser component of the sequence were rapid compared with the finer grained sediment at the base of the sequence.
Two closely spaced boreholes (GL 913 and 915) situated ϳ15 km south of the Clayton borehole (Fig. 11) Sr-isotope age estimates suggest that the Marshalltown sequence required a maximum of 4.7 m.y. for deposition. Sedimentation rate for the glauconite sands at the base of the Marshalltown sequence in the Clayton core are ϳ0.8 -5.2 m/m.y. Sedimentation rates for the marl bed are estimated at 12.8 m/m.y. Rates for the quartz sands in the upper Marshalltown sequence vary between 24 and 105 m/m.y. This suggests that tectonics and/or rapid progradation were the main factors controlling deposition of the highstand systems tract of this sequence during this time.
Navesink Sequence (Navesink-Red Bank Formations)
The Navesink-Red Bank Formations in the northern New Jersey Coastal Plain constitute a single stratigraphic sequence, the Navesink sequence. The lithologic, biostratigraphic, and Sr-isotope age data are presented in a combined section (Fig. 14) . Highly fossiliferous parts of these formations crop out at Poricy Brook and Big Brook in Monmouth County (Fig. 11) . Cande and Kent (1993, personal commun.) . § Age estimates from McArthur and others (1993) .
The basal half of the Navesink Formation is exposed at Big Brook (Figs. 11 and 14) . A dense bed of Exogyra costata and Belemnitella americana located ϳ3 m above the base of the Navesink gave 87 Sr/ 86 Sr measurements between 0.707 785 and 0.707 791, and age estimates of 69.2-68.9 Ma (Table 3). This interval has been assigned to Subzone CC25. Five meters above the base of the Navesink Formation is a dense Pycnodonte shell bed. This bed is located in the Rugotruncana subcircumnodifer/Gansserina gansseri foraminiferal zones and is also assigned to nannofossil Zone CC25 (Fig. 14) . A limited set of data for the Navesink sequence was collected at the Freehold borehole, several miles downdip from Big Brook (Fig. 11) . At Freehold, the upper sand facies of the Red Bank Formation is very silty and thinner than in the outcrop (Fig. 14) . This represents a facies change from upper to lower shoreface conditions and a deepening paleobathymetry.
The glauconite sand at the base of the Navesink sequence (Navesink Formation) in the Freehold borehole has been assigned to the A. cymbiformis (CC25) Zone (Fig. 14) . The lower part of this zone (CC25, Sr measurement of a Belemnitella at a depth of 67 m, near the base of the Navesink Formation, yielded a value of 0.707 787 (69.1 Ma), whereas a measurement on a shell in the middle of the sequence at the Navesink/Red Bank contact (Fig. 15 ) yielded a value of 0.707 852 (65.6 Ma, uppermost Maestrichtian). This is in good agreement with the age estimates from the outcropping composite section at Poricy Brook and Big Brook (Fig. 14) .
Tinton Formation
Sr-isotope measurements were made on the type section at Tinton Falls in the northern New Jersey Coastal Plain (Fig. 11) . Three Pycnodonte shells were collected from approximately the same horizon. Sr-isotope values range from 0.707 841 to 0.707 849 (Table 3) ; the age estimates range from 66.2 to 65.6 Ma and support a latest Maestrichtian age. No calcareous microfossils were found in the Tinton in this study; however, the dinoflagellate Deflandrea cretacea, an upper Maestrichtian marker, has been identified from the outcrop at Tinton Falls (Koch and Olsson, 1977) .
In New Jersey, N. frequens marks the uppermost nannofossil biozone in the Cretaceous. We have measured 87 Sr/ 86 Sr on foraminifera from the M. prinsii Subzone (commonly considered to correlate to the uppermost Maestrichtian; Perch-Nielsen, 1985) at El Kef, Tunisia, and Millers Ferry, Alabama (Table 2) , and obtain values similar to those of the upper Navesink, Red Sr values from Cretaceous foraminifera taken 25-400 cm below the K/P boundary in the M. prinsii Subzone (Perch-Nielsen et al., 1982) range between 0.707 844 and 0.707 853 (Table 1) . Sr isotopic values from Millers Ferry, Alabama, in the M. prinsii Subzone of the N. frequens Zone (Olsson and Liu, 1993) , were also measured in the Maestrichtian strata just below the K/P boundary (Table 2 ) and yielded similar values (0.707 849 -0.707 853) as recorded in the youngest Cretaceous strata of New Jersey.
No Sr-isotope age differences could be measured among the upper Navesink, Red Bank, or Tinton Formations; the entire section is uppermost Maestrichtian. This suggests that the deposition of clastics represented by the Shrewsbury Member of the Red Bank Formation and the Tinton Formation (reaching a maximum thickness of ϳ34 m) is geologically almost instantaneous, based on Sr-isotope age estimates. As with the highstand systems tract in the Marshalltown sequence, tectonic movements and/or rapid progradation appear to be the controlling factors during deposition of the highstand systems tract in the Navesink sequence. A surface at the contact between the Red Bank and Tinton Formations (Fig. 14) may be a disconformity or a flooding surface, although outcrop sections are not sufficient to document this unequivocally (see above). A facies change is associated with the contact from clean, cross-bedded quartz sand below to glauconitic quartz sand above, indicating a deepening from the Shrewsbury Member of the Red Bank Formation (upper shoreface) to the Tinton Formation (inner-middle neritic); however, there is no detectable unconformity between the Tinton and Red Bank Formations, and it is unclear whether the contact represents a disconformity or a flooding surface. It cannot represent the maximum flooding surface of the Navesink sequence, because this is associated with the Navesink greensands. Thus, the significance of this surface, which has no discernible hiatus using Sr-isotopes, is uncertain; we tentatively suggest that the Tinton Formation be placed in the Navesink sequence.
Southwest New Jersey Coastal Plain
Fewer Sr-isotope values were measured on the Navesink sequence in southwestern New Jersey. There, the sequence is not as well represented, owing to thinning of the Navesink Formation and thinning or absence of the Red Bank Formation in many of the boreholes. At the Clayton borehole, the Navesink sequence is predominantly glauconite sand, slightly Ͼ6 m thick. It is assigned to upper Maestrichtian calcareous nannoplankton Subzone CC25c (ϳNC22) to Zone CC26 (ϳNC23) (Fig. 12) . Two 87 Sr/ 86 Sr measurements were made on mollusk fragments in the CC25c Zone (upper Zone NC22). An age of 67.9 Ma (0.707 810) was determined at 119.5 m, and a younger age estimate of 66.3 Ma (0.707 840) at 117 m. An age estimate of 69.3 Ma (0.707 782) was also estimated for a shell at 120 m in the reworked transgressive sand at the base of the Navesink sequence. It is possible that this shell was reworked from the Mount Laurel Formation and is therefore unreliable. The rest of this data set compares favorably with the Navesink Formation (base of Navesink sequence) in the northern New Jersey Coastal Plain.
A small set of samples was studied in outcrop near New Egypt (Fig. 11) .
87 Sr/ 86 Sr measurements on Pycnodonte shells in the Navesink Formation 1 m (3 ft) above the contact with the Mount Laurel Formation gave Sr-isotope age estimates of 65. . Again, the relatively young range of ages may result from the vesicular Pycnodonte shells, allowing pore fluids to circulate easily through the structure. This bed contained the A. cymbiformis Subzone (CC25a/b; ϳNC21) based on the presence of L. praequadratus but no L. quadratus or R. levis. Here too, based on Sr-isotope age estimates, the base of the Navesink Formation (and Navesink sequence) in the southern New Jersey Coastal Plain appears to be younger than in the northern New Jersey Coastal Plain. However, the identification of the A. cymbiformis Zone at New Egypt suggests that the lower Navesink Formation at New Egypt is equivalent to the Navesink base at Big Brook, suggesting that the Sr-isotope age estimates are too young. The base of the formation may be more condensed at New Egypt; here phosphate nodules formed at the contact with the Mount Laurel Formation. At Big Brook the reworked zone between the two formations consists of a coarse quartz sand and pebble lag.
Clearly, the glauconite sand at the base of the Navesink sequence was deposited very slowly. The sedimentation rate estimates based on Sr-isotopes ages of glauconite sands, 1 m/m.y., suggest that the glauconitebed deposition took 3 m.y. The clay-silt facies (lower Red Bank Formation) had a faster sedimentation rate of 5 m/m.y.
Age of Marshalltown/Navesink Sequence Boundary
The duration of the hiatus between the top of the Marshalltown sequence and the bottom of the Navesink sequence can be approximated only in the outcrop near New Egypt (Fig. 13 ) and in the Clayton borehole (Fig. 12) . At New Egypt, a maximum hiatus of 3.1-3.8 m.y. is measurable (Fig. 13) . This corresponds to the nannofossil assignment of Subzone CC22b from a dense shell bed containing E. costata and B. americana (Fig. 13) At the Clayton borehole (Fig. 12) , the hiatus represented by the unconformity between the Mount Laurel and Navesink Formations lasted a maximum of 1.9 m.y. Nannofossils from the top of the Mount Laurel Formation contain Subzone CC22b (ϳNC20) at 153 m. The base of the Navesink contains nannofossil Subzone CC25c (ϳNC22). If we use the GPTS of Haq et al. (1988) , the hiatus is ϳ3 m.y. between the top of the Marshalltown and base of the Navesink sequences, based on calibration of the absence of Zone NC21. However, this is a minimum age, because the upper part of Zone NC20 is also probably missing.
DISCUSSION Sr Isotopes, Chronology, and the Campanian/Maestrichtian Boundary
At present no stratotype is established for the Campanian/Maestrichtian boundary. Consequently, the assignment of certain strata to the upper Campanian or lower Maestrichtian often depends on different criteria established for specific fossil groups or depositional basins (Birkelund et al., 1984; Kennedy et al., 1992; Burnett et al., 1992) . Two possible boundary datums used by Birkelund et al. (1984) are found in New Jersey: (1) the last occurrence of N. hyatti within the base of the Navesink (Cobban, 1974) and (2) the last occurrence of G. calcarata in the Marshalltown Formation (Olsson, 1964) . Burnett et al. (1992) , placed the stage boundary within nannofossil Zone CC23a. Placement of the boundary based on the last occurrence of G. calcarata (Olsson, 1964; Peters, 1977) near the top of the Marshalltown Formation establishes the oldest boundary horizon (Fig. 16) . G. calcarata has been identified only in the upper part of the Marshalltown Formation in New Jersey (Olsson, 1964; Peters, 1976 Peters, , 1977 and Delaware (Houlik et al., 1983) . G. calcarata was not identified during this study.
Ammonite, bivalve, and calcareous nannoplankton criteria indicate that the Campanian/Maestrichtian boundary lies somewhere between the top of the Mount Laurel in the south (or the Wenonah to the north) and the base of the Navesink Formation (Fig. 16 ). The presence of N. hyatti in the basal part of the Navesink places the stage boundary just above this horizon; however, this ammonite may have been reworked from the Mount Laurel Formation. Calcareous nannoplankton criteria (Perch-Nielsen, 1985) place the boundary between the Mount Laurel Formation (Zone CC22) and the Navesink Formation (Zone CC25); the actual boundary is not represented because of the unconformity at this contact (Figs. 12 and 13). In New Jersey, nannofossil Zones CC23 and CC24 are lost in the unconformity between the Mount Laurel and Navesink Formations (Figs. 12 and 13) . If the boundary is within Subzone CC23a (Burnett et al., 1992) , Sr isotope age estimates (this study) would indicate that the minimum age for the Campanian/Maestrichtian boundary is between 70.6 Ma (Fig. 12 ) and 69.9 Ma (Fig. 13) using the Hole 525A regression, or 69.8 -69.3 Ma using the regression of McArthur et al. (1993) . This contrasts with the previous estimates for the boundary of 74.5 Ma based on foraminiferal correlations (e.g., Cande and Kent, 1992) .
Integrated Sr-isotopic, Bio-, and Sequence Stratigraphy
Sr-isotopic stratigraphy, in conjunction with calcareous nannoplankton biostratigraphy, allowed us to evaluate the age of two New Jersey sequences, their duration, and the sedimentation rates involved in their emplacement. It has also made it possible to estimate the age of unconformities and the extent of the hiatuses between these se- quences. If the sequence boundaries are the result of eustatic events, then (1) their ages should correspond to boundaries elsewhere in the Atlantic and Gulf Coastal Plains, and (2) these events should be correlative with the sequence boundaries of the global sealevel cycle chart of Haq et al. (1987) , provided the same time scales are used, and the sequences are properly identified and correlated.
The base of the Marshalltown sequence is correlated with the base of Atlantic Coastal Plain depositional sequence 5 (Owens and Gohn, 1985) ; it is equivalent with the upper Tayloran and lower Navarroan sections of the Gulf Coastal Plain (Owens and Gohn, 1985) . Estimates of Sr-isotope age near the base of this sequence in New Jersey are a minimum 74.1 Ma. The base of the Marshalltown sequence apparently correlates with the UZA-4.3/4.4 sequence boundary of Haq et al. (1987) , which is 75 Ma (Fig. 17) . This suggests that eustatic processes could account for this basal unconformity.
The unconformity between the Marshalltown sequence and the Navesink sequence is equivalent to the boundary between Atlantic Coastal Plain depositional sequences 5 and 6 of Owens and Gohn (1985) . The unconformity is easily recognized in outcrop, because it occurs below a massive pebbly quartz sand containing sand-to pebblesized phosphatic fragments and has a pronounced positive gamma-ray spike in the subsurface. A basal pebbly phosphatic bed also is recognized at the correlative contact between the Black Creek Group and the Peedee Formation in North Carolina (Owens and Gohn, 1985) . In South Carolina, this contact is identified at the Clubhouse Crossroads #1 corehole by a positive gamma-ray spike separating the Donaho Creek Formation of the Black Creek Group and the Peedee Formation (Gohn, 1992b) . Because these distinctive facies and unconformities can be traced over large distances, we concur with Owens and Gohn (1985) who considered that sea-level changes were an important control in their creation. Olsson (1991) placed the contact of the Mount Laurel and Navesink Formations at the boundary between sequences UZA4.4 and UZA4.5 of Haq et al. (1987) . Sr-isotope age estimates for the top of the Mount Laurel Formation (and top of the Marshalltown sequence) average 70.0 Ma in New Jersey and Delaware, supporting the correlation of the sequence boundary as mapped in New Jersey with the UZA4.4/UZA4.5 boundary of Haq et al. (1987) , which has an age estimate of 71 Ma.
Sr-isotope age estimates clearly document the variable age of the base of the Navesink sequence and show that it is younger (67.9 Ma) in the southern part of New Jersey (Figs. 12 and 13, Table 3 ) than it is in the northern part (69.1-69.2 Ma; Figs. 14 and 15). Differing age assignments for the upper part of any formation that is unconformably overlain by a marine unit can be ascribed to differential scouring. However, what could cause differing ages at the base of a formation? One mechanism involves the rate of transgressions; if they are slow, then it is possible that lower elevations received sediments while higher ones did not. The paleobathymetry of the Navesink shelf-water interface in the north may have been shallower than in the south. Walker and Eyles (1991) mapped an extensive erosion surface in the Upper Cretaceous sediments of Canada, and considered its morphology to indicate both subaqueous and subaerial erosion during lowering of sea level, modified by shoreface erosion during a subsequent transgression. Possibly the older age estimates for northern New Jersey reflect differential preservation based on a complex relationship of paleotopography, variable erosion rates, and shifting depocenters.
The Maestrichtian record for New Jersey correlates in part with sequence boundaries identified by Haq et al. (1987) , although there are differences in timing of one or more cycles. As noted above, the UZA4.3/ UZA4.4 boundary correlates well with the base of the Marshalltown sequence (Fig. 17) , and the UZA4.4/UZA4.5 boundary with the Marshalltown and Navesink sequences within 1 m.y. (Fig. 17) .
As noted above, the sequence stratigraphic interpretation near the K/P boundary in New Jersey is controversial. A sequence boundary TA1.1 (ϭ UZA4.6 of Donovan et al., 1988) , with an age of 68 Ma, is recognized in the latest Maestrichtian (Haq et al., 1987) . However, Olsson and Liu (1993) show that TA1.1, as recognized in Alabama (Donovan et al., 1988) , spans the K/P boundary (65 Ma on the CK93 time scale). Thus, TA1.1 could correlate with the disconformity at the top of the Tinton Formation (shown as 65.5 Ma, Fig. 17 ). This discrepancy (65.5 Ma versus 67.5 Ma of Haq et al., 1987) can be attributed to time scale and other correlation problems (e.g., Donovan et al., 1988; Olsson and Liu, 1993) .
CONCLUSIONS
We have integrated Sr-isotope stratigraphy, magnetostratigraphy, and calcareous nannoplankton biostratigraphy to improve chronostratigraphic resolution of the Campanian and Maestrichtian sequences in New Jersey. Enhanced resolution has improved understanding of the sedimentary processes operating in the New Jersey Coastal Plain during the latest Campanian and Maestrichtian and permitted speculation on whether tectonics or eustasy shaped the chronostratigraphy and sedimentary architecture of these sequences. Eustasy appears to be the main mechanism controlling the formation of an unconformity at the top of the Marshalltown sequence (top of Mount Laurel Formation), and it may be the controlling mechanism for the base of the Marshalltown sequence. However, the remaining chronology of the Maestrichtian stratigraphic record in New Jersey may or may not agree with the sea level curve of Haq et al. (1987) , in part due to time-scale differences. The record of the New Jersey margin was shaped by slow sedimentation in the middle shelf during the late Campanian (Marshalltown Formation) and again in the early Maestrichtian (Navesink Formation), punctuated by short, but rapid pulses of nearshore marine clastic sedimentation during the latest Campanian (Mount Laurel Formation) and late Maestrichtian (Shrewsbury Member of the Red Bank Formation and Tinton Formation).
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